The reactivity of epoxides with nucleophiles and their derivatives have made them especially that forms the basis of their utility as chemical useful for this purpose. The synthesis and reactivintermediates could also lead to toxicity subseities of these nonracemic epoxides have recently quent to their reaction with bionucleophiles. The been reviewed by Hanson (1991) . recent increased availability of enantiomeric
The structures of the optical isomers under epoxides has promoted their use for the introducstudy in the present investigation for their genotion of stereocenters in complex molecules. The toxicity are shown in Table 1 . The designation of commercial availability of (R)-and (S)-glycidol R and S to glycidol and its derivatives follows the nomenclature rules described by Prelog and Helmchen (1982) . The application of these rules will, as shown in Table 1 , result in opposite Correspondence: Dr. J.E. Sinsheimer, College of Pharmacy, (R/S) nomenclature for the same epoxide moiety University of Michigan, Ann Arbor, M! 48109-1065, USA.
with different substituent groups. hydrolase. Such differences in rates of detoxications of the epoxides were measured and their tion could be a factor in explaining differences in purity examined by thin-layer chromatography. genotoxicity of (R)-and (S)-isomers in vivo. ReThe isomers of styrene oxide, glycidol and glycently, yon der Hude et al. (1992) completed a cidyl 4-nitrobenzoate required purification by study on the in vitro genotoxicity of the enanchromatography over silica with hexane-ethyl actiomers of glycidol, styrene oxide and glycidyl etate systems to remove impurities and to meet 4-nitrobenzoate, compounds included in our their original optical specifications. The chartstudy, as well as 9 additional pairs of related tiomers of glycidyl 1-naphthyl ether (4) and glyenantiomeric epoxides. In their investigation of cidyl 4-nitrophenyl ether (7) were synthesized acthe induction of sister-chromatid exchange (SCE) cording to the procedure of Klunder et al. (1989) frequencies with Chinese hamster V79 cells, stawith (R)-or (S)-glycidyl 3-nitrobenzenesulfonate tisfically significant differences were established and 1-naphthol or 4-nitrophenol respectively as between isomers for half of the compounds tested, the reagents. The naphthyl ethers were obtained The goals of the present study are to conduct as oils with the (R)-isomer, [a]~ -16.4 ° (C 2, an investigation of genotoxicity of the new enan-CHC13) and the (S)-isomer, [a]~ + 17.3 ° (C 2, tiomeric epoxide reagents in comparison to the CHC13) having enantiomeric excess (%ee) of 92 optical isomers of the established genotoxic cornand 93 respectively. Recrystallization of the nitropounds, styrene oxide, glycidol and epichlorohyphenyl ethers from methanol gave the (R)-isodrin, as well as to determine whether there are mer, [a]~-5.1 ° (C 0.5, CHCI 3) and (S)-isomer, differences between isomers in genotoxicity both
[a]~ + 4.9 ° (C 0.6, CHC13) each with %ee >/98. in vitro and in vivo. We have also synthesized the The epoxides were considered suitable for geno-(R)-and (S)-isomers of glycidyl 1-naphthyl ether toxicity testing only when a sample (2 tzl, 10% as well as those of glycidyl 4-nitrophenyl ether so CH2C12 solution) showed a single homogeneous that these compounds, whose genotoxicity has spot after silica gel thin-layer chromatography previously been studied in our laboratories as (ethyl acetate/hexane) under UV observation and their racemates (Gift et al., 1989; 1990) , could be after alkylation of 4-(4-nitrobenzyl)pyridine compared as their optical isomers. Similar to (Hammock et al., 1974) . benzyloxymethyloxirane, these glycidyl ethers would have nucleophilic attack on C-3 (ring openMutagenicity assays ing) as the predominant mode of reaction. The
Compounds dissolved in DMSO were tested short-term tests used in these evaluations are the for dose-mutagenicity relationships using SalmoAmes test with Salmonella strain TA100 and nella typhimurium strain TA100 kindly provided chromosomal aberrations (CA) as well as SCE by Dr. Bruce Ames (University of California, tests in the bone-marrow cells of mice following Berkeley, CA). As epoxides are direct acting muintraperitoneal (ip) administration of the epoxtagens, the plate incorporation assay without ides. Thus, as suggested by Natarajan and Obe metabolic activation as described by Maron and (1986) and Shelby (1988) for screening of comAmes (1983) was used. Plates were scored with pounds for genotoxicity, the detection of point an automatic counter (Autocount, Dynatech Labs, mutations by the widely used Ames bacterial test Chantilly, VA) which had been calibrated against is supplemented by in vivo evaluations that remanually scored plates. Each dose was run in spond to strand breaks, triplicate and the dose-response relationship confirmed in a second set of tests. Slopes were deterMaterials and methods mined from the combined data.
Test compounds In vivo tests of bone-marrow cells
The isomers, with the exception of 4 and 7, Male CD1 mice (10-12 weeks old, ~ 30 g) listed in Table 1 and 7,12-dimethylbenz[a]anthrawere purchased from Charles River Breeding cene (DMBA) were purchased from Aldrich Laboratories (Wilmington, MA). They were kept Chemical Co. (Milwaukee, WI). The optical rota-4 per cage, fed chow (Purina) with water ad 21)2 libitum and housed 4-5 days prior to the start of toxicity, as measured by mitotic or replicative the experiments. Epoxides (100 mg/kg) in DMSO indices, but high enough to obtain a usable range (2 ml/kg) which had been administered by ip of comparative response. DMBA in DMSO (2 injection were evaluated for CA and SCE reml/kg) was used as a positive control at 100 sponses in bone-marrow cells. CA and SCE tests mg/kg for CA and at 50 mg/kg for SCE. A were conducted for 4 animals in each procedure response time of 24 h following the injection of for each isomer by our previously described protest compounds was used for CA where many tocols (Giri et al., 1989) . For CA, 100 metaphase second-division cells would be present but where and for SCE, 30 second-division cells were scored in our experience trichloropropylene oxide, an per animal. The dose of 100 mg/kg was based epoxide with a short half-life, showed no differupon our previous epoxide studies (Giri et al., ences for the shorter response times discussed by 1989; 1990) to avoid acute toxicity and limit cell Preston et al. (1987) . Results at each concentration were compared to those of the control using Dunnett's test, where statistically significant differences are indicated by * P < 0.05 and ** P < 0.01. b The (R)-and (S)-results were significantly different, where P < 0.01. c Same as above, where P < 0.05.
(nur'r/ber/ce';I ', control and DMBA is the positive control. With not including those of epichlorohydrin, the (S)-the exception of the (R)-and (S)-isomers of glyisomer was more genotoxic than the (R)-isomer. cidyl 3-nitrobenzenesulfonate and glycidyl tosy-
The results outlined in Tables 2-4 and the late as well as (R)-styrene oxide, there are statisdiscussion above are summarized in Fig. 1 where tically significant differences in CA results comthe differences among the epoxides and between pared to the negative control. There are also the enantiomers are presented for the three significant decreases in mitotic index for all the short-term tests. The CA and SCE evaluations compounds tested, indicating toxicity to bonefollow a similar pattern of results across cornmarrow cells at the 100 mg/kg dose. The CA pounds and in regard to the relative genotoxicity values for every epoxide isomer were significantly between (S)-and (R)-isomers. However, the lower than the strongly genotoxic positive control, greater sensitivity of the SCE test over that of CA DMBA. The CA results for the (S)-glycidyl 4-and its increased ability to detect differences nitrobenzoate and (S)-glycidyl 1-naphthyl ether between optical isomers is evident in this figure. are comparable. This latter epoxide, previously
While there is general agreement between the in tested as a racemate, was the most genotoxic vitro Salmonella mutagenicity and the in vivo compound of a group of four epoxides selected results as to relative genotoxicity between (R)-for in vivo evaluation because of their demonand (S)-isomers for a given pair of compounds, strated high mutagenicity in vitro (Giri et al., the in vitro results were not predictive of relative 1989; 1990). While in general it was not possible in vivo genotoxicity among different pairs of comto determine differences between optical isomers pounds. For example, the relatively low mutabased upon our current results, a significant (p < genicity for the benzyloxymethyloxirane, 0.05) difference was established for the 4-nitroepichlorohydrin and styrene oxide isomers was benzoate isomers, with the (S)-isomer having the not predictive of their moderate genotoxicity in greater genotoxicity, vivo. The most notable difference between in SCE results are summarized in Table 4 . As vitro and in vivo results is for the glycidol isowas true for the CA results, all the epoxides were mers, where the Salmonella mutagenicity tests much less genotoxic than the positive control were neither predictive of the greater genotoxic-DMBA which was evaluated at half of the dose ity for the (S)-isomer vs. the (R)-isomer in vivo used for the epoxides. Except for 3 isomers, (S)-nor of the relatively high genotoxicity in vivo for epichlorohydrin, (R)-glycidyl tosylate and (R)-both isomers in contrast to the other pairs of styrene oxide, a difference in genotoxicity was compounds. The 4-nitrobenzoates were designed detected for all compounds, at least at the p < to hydrolyze faster than ring opening could occur 0.05 level, when compared to the negative conso that such esters would have functional equivatrol. The glycidol and glycidyl 4-nitrobenzoate lency to glycidol (Ko et al., 1987) . This being the isomers were distinctly more genotoxic than the case, then the comparable in vivo genotoxicity for other commercially available reagents. This genothe benzoate and glycidol isomers could be extoxicity was only approached by the SCE replained on the basis of the esters reaching bonesponses for our synthesized (R)-and (S)-isomers marrow cells as glycidol. This is in contrast to the of glycidyl 1-naphthyl ether. Only for the (S)-comparison of the in vitro mutagenicities of these glycidol was there a significant (p < 0.05) deesters and glycidol isomers where the former crease in cell replication kinetics which indicates isomers have much greater activity than the lattoxicity to cell division. SCE evaluations proved ter. This would be consistent with much less to be more sensitive in determining differences opportunity for hydrolysis to occur on the between the (R)-and (S)-isomers than CA meaSalmonella test plates than in vivo, so that in surements. Except for the benzyloxymethyloxivitro in contrast to in vivo, non-equivalent mutarane and glycidyl 4-nitrophenyl ether isomers, gens are being compared. significant differences were established between
In their applications as organic reagents, the optical isomers. For all these pairs of isomers, but glycidyl sulfonates react under basic conditions
